INTRODUCTION
Voltage shock transformation, electroporation, has been used to introduce a variety of genes into eukaryotic (1, 2, 3) and prokaryotic (4, 5, 6, 7, 8, 9) cells. This technique often increases the efficiency of transformation and permits the introduction of DNA into cells without known methods of competence development. Haemophilus influenzae serotype d is a bacterium whose naturally occurring competence and mechanism of DNA uptake are relatively well known (10, 11) . A large number of H. influenzae mutants have been described that do not transform (12) . Some of these competence mutants (com-) have been characterized as being unable to integrate or recombine donor DNA while others have been characterized as being unable to bind donor DNA. H. influenzae Ra, Rc, Re and Rf are known to be non-transformable, or naturally competence-deficient, since, to date, all efforts to introduce transforming DNA into these strains have failed. The original goal of this project was to transform competence-deficient cells of H. influenzae, however, it soon became apparent that chromosomal transformation by electroporation would be extremely inefficient. The introduction of plasmids or plasmids with chromosomal inserts was highly successful.
MATERIALS AND METHODS
Bacterial strains and plasmids H.influenzae strains used in this study were Ra, Rb, Rc, Re, Rf, RdV23, three uptake-deficient mutants of Rd, com-52, com-59 and com-88 (12) , and a recombinant-defective mutant of Rd, recd (13) . The plasmidpJl-8 was obtained from N.Notani (14) . The derivatives pJJ-8(2s), pJJ-8(4s), and pER194 contain inserts of H. influenzae Rd DNA and were prepared in this laboratory. Plasmid DNAs were isolated by an alkaline lysis procedure (15 Table 3 for the uptake deficient mutants com-52 and com-59. The uptake proficient strain Rd, however, did yield transformants but as shown in Table 4 they were sensitive to DNase added to the broth medium in which the cells were diluted following electroporation. On the other hand, plasmid transformation was not affected by the addition of DNase. Although the efficiency of electroporation in this experiment was lower for com-52 compared to Rd, other data (see Tables 1, 2 and 3) suggest that their efficiencies were comparable but com-59 usually exhibited a lower efficiency of electroporation. The plasmid pJJ-8(4s) contains an insert with the streptomycin resistance marker that is not expressed from the plasmid but only after integration into the chromosome. Electroporation with pJJ-8(4s) of Rd cells that were not specifically induced to competence produced about 5 x 104 StrR cells, but they were eliminated by treatment with DNaseI following electroporation, and suggest that these transformations were due to competence development and uptake of pJI-8(4s) DNA after electroporation.
Electroporation of competent and non-competent cells The process of electroporation with plasmid DNA by-passes the normal process of uptake associated with transformation, and appears to be a simple function of the displacement of a volume of the surrounding solution into the cell. However, the efficiency of the process was dependent upon the condition of the recipient.
For non-competent cultures levels of 2 x 108/g DNA were readily attainable, but for competent cells electroporation efficiencies relative to non-competent cells were greatly reduced (Table 3) . Non-electroporated Rd competent cells were transformed at low levels by pJI-8, however, there were no transformants in the non-electroporated uptake mutants com-52, DNase treatment following electroporation had essentially no effect on plasmid establishment and demonstrated that the cell surface rapidly recovered from electric shock. What was surprising was the relatively low efficiency of electroporation with competent cells compared to non-competent cells. This effect was not due to differential survival since these levels were quite similar, and it was not due to differences in the DNA uptake process since uptake deficient mutants induced by the MIV competence procedure behaved similarly. One possible explanation is that nucleases are induced in competent cells that inactivate the donor plasmid. Another interpretation is that the DNA is compartmentalized differently in competent and noncompetent cells. It may be worth noting that the efficiency of plasmid and phage DNAs for transformation of competent H. influenzae is 3 or 4 orders of magnitude lower than chromosomal DNA transformation and that the efficiency of plasmid or phage DNA but not chromosomal DNA can be enhanced by the addition of high concentrations of glycerol following DNA uptake (19) .
Although it was not possible to directly introduce linear chromosomal DNA by electroporation into H. influenzae Ra and Re, compatible plasmids containing chromosomal DNA inserts were readily established in these strains. For some markers subsequent recombination led to donor marker integration into the chromosome (data not presented) by a mechanism similar to that for plasmids in H. influenzae Rd (20) .
